ABSTRACT
Introduction
itanium nitride film has excellent properties such as good wear resistance, high corrosion resistance, low friction coefficient, high conductivity and a bright, golden color. Owing to these properties, TiN has been widely used in protective and functional coatings on cutting tools, bearings, etc. In order to improve the lifetime and performance of industrial tools, TiN has been utilized as a protective coating.
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The TiN layer has also been employed as a barrier material to inhibit diffusion of Al and Cu during high temperature processing as well as to promote adhesion of the ILD layer in microelectronics.
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Due to high electrical conductivity and thermal stability of TiN film, TiN coating has recently been led to electrodes in microelectronic devices.
Furthermore, TiN coating on glass has been also popular for the production of decorative panels in architecture or solar glass in automotive industry. The reflected colors are silver, blue and whereas transmitted ones are brown and grey.
TiN film provides near-infrared reflectivity, which can provide high-performance rejection of solar heat in solar control glass.
However, most of the researches concerning to the TiN x film have been mainly focused on the issue of mechanical and chemical properties such as high hardness, wear-resistant durability and corrosion resistance enhancement. Therefore, few systematic works related to electrical conductivity of TiN x film has been carried out. The effect of nitrogen content on electrical resistance of TiN x films was investigated and its result suggested that optimum content of nitrogen makes highest resistivity.
It was also reported that annealed TiN x films has higher sheet resistance than that of as-deposited one.
A few studies about electrical properties of TiN x films were reported however, effect of substrate on the resistivity of TiN x film has been rarely reported.
The purpose of this research is to investigate the effect of processing parameters of DC sputtering systematically on the electrical properties of TiN x film. Three kinds of substrate, soda-lime glass, (100) Si wafer, 1 µm thermally grown (111) SiO 2 coated Si wafer were used. Processing variable were considered with substrate temperature, deposition time, working pressure, bias power and flowing rate ratio of Ar to N 2 gas. We try to explore the critical processing parameters and role of substrate to control the sheet resistance of TiN flowing rate ratio was systematically controlled described in Table 1 .
Experimental Procedures

Characterization of TiN x
Film
The phase of TiN film was determined by SEM cross-sectional view and the deposition rate was calculated. Resistance of the film was measured by 4 point probe method in order to compare intrinsic properties of deposited films. Three data points were obtained and average value was calculated.
Results and Discussion
Phase Analysis
After deposition of TiN (111) and the crystallinity of the film increases. These phenomena can be explained impinging ions and atoms having higher energy at elevated temperature shows higher growth rate and lowest energy state. In case of TiN x film, the direction of lowest energy is <111> direction. Compared to the specimen at higher temperature, at room temperature, in general, nucleation of TiNx film is <200> direction.
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In the case of different substrate, there is one particular difference among the each specimen deposited at 40 Films grown by PVD techniques have been reported to exhibit a preferred growth orientation. For TiN films a {111} orientation is commonly reported although both {200} and {220} orientations have also been found by some researchers.
The development of textures in PVD coatings occurs in three stages. At first, crystallites are nucleated on the substrate from the vapor phase. The distribution, orientation and size of the crystallites will depend on the nature of the substrate. Competitive growths are followed. Certain favorable oriented nuclei will grow faster into the vapor phase than will the remainder of the crystallites. However, these may not constitute the majority of the nuclei population. Finally, once a preferred orientation has achieved dominance, steady state growth will occur. The effect of preferred orientation on coating microstructure was clear to show faceted growth. The pyramidal end forms on the columns are likely to be the low energy {111} planes. Thinner coatings show {200} textures, indicating that this is the predominant orientation at nucleation. The hardness of thick coatings is found to be lower than that of thin coating, and this has been attributed to the increase in porosity towards the surface of the thicker coatings. film increases as the substrate temperature increases as shown in Fig. 3(a) . The highest rate was achieved at 300 o C. The reason to show higher deposition rate at higher substrate temperature is considered as increased energy of the impinging ions and atoms promotes surface diffusion.
Consequently, deposition rate is linearly proportional to the substrate temperature. Deposition rate of TiN x film increases as the deposition time increases as shown in Fig. 3(b) . The highest rate was accomplished at the TiN x film deposited for 120 min. In theory, the deposition rate should be equal irrespective of deposition time. However, in practice, the rate is different at the early and final stage. The reason to show higher rate at the higher time seems to be deposition of nonstoichiometric TiN x film mainly due to poisoning of Ti target. Deposition rate of TiN x film could be influenced by working pressure driven ionization efficiency as shown in Fig. 3(c) . From 4 to 8 mTorr, deposition rate relatively decreases even though working pressure increases. It is probably caused by the decrease of ionization efficiency. Then, further increase of working pressure from 8 to 12 mTorr leads deposition rate to enhance. In this case, Ti ions and N ions in the TiN x film contribute to the higher deposition rate in spite of decrease of ionization efficiency.
Deposition rate of TiN x film is proportional to DC bias power as shown in Fig. 3(d) . As bias power increases, plasma density could be enhanced. Accordingly, ionization efficiency becomes higher as the bias power increases up to certain level. Deposition rate of TiN 4. Conclusions 
